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SUMMARY REPORT ON THE REGIONAL GEOLOGY, PETROLEUM POTENTIAL, ENVIRONMENTAL
CONSIDERATION FOR DEVELOPMENT, AND ESTIMATES OF UNDISCOVERED OIL AMD GAS
RESOURCES OF THE UNITED STATES GULF OF MEXICO CONTINENTAL MARGIN IN THE

AREA OF PROPOSED OIL AND GAS LEASE SALES NOS. 81 AND 84

INTRODUCTION

The first formal step in an Outer Continental Shelf (OCS) oil and gas
lease offering is the preparation of a Resource Report (Summary Geology
Report). The resource estimates developed for this report are then used in
the preparation of the next required document, the Exploration and
Development (E&D) Report. These two reports provide information needed in
the selection of the Area of Geologic Potential, the area identified by the
Under Secretary, Department of the Interior, in the formal Call for
Information.

The purpose of the Resource Report is to describe bhoth narratively and
graphically the general geology, petroleum geology, resource estimates and
environmental geology of an entire planning area, such as the central Gulf
of Mexico. The Resource Report is a synthesis of relevant publicly
available data and reports; it is written in a style and format that is
useful to geologists, economists, petroleum engineers, environmental
scientists, and decision-makers.

This report summarizes our general knowledge of the geologic framework,
petroleum geology, and potential problems and hazards assoclated with
development of petroleum resources in the Central and Western Gulf of Mexico
OCS Planning Areas for proposed oil and gas lease sales 81 and 84,
respectively. These areas encompass the submerged continental margin of the
northern Gulf of Mexié; from the vicinity of Mobile Bay to the Rio Grande

and from State~Federal offshore boundaries to the deep Gulf floor along



latitude 26°N (Fig. O-1). The Central Gulf Planning Area (Sale 8l) lies
offshore the states of Louisiana, Mississippi, and Alahama, and encompasses
some 39 million acres of seabed. The Western Gulf Planning Area (Sale 84)
lies principally offshore Texas, but includes deepwater tracts south of
western Louisiana; approximately 33 million acres of seabed are contained in
this area. Final sale sizes, however, are subject to exclusion of tracts
selected on the basis of environmental concerns, military usage, low
geologic potential, and other considerations. Water depths in the combined
call-area range from about 60 to 10,200 feet; generalized bathymetry and
physiographic features of the region are shown in Figure 0-2.

The Gulf of Mexico OCS in the region of proposed lease sales 8l and 84,
is the most productive offshore region in the United States. Over 94
percent of the petroleum liquids and 99 percent of the natural gas produced
from the U.S. 0CS in 1981 were taken from the central and western Gulf OCS
off Louisiana and Texas (Havran and others, 1982). The U.S. Minerals
Management Service Gulf of Mexico Regional Field Names Committee lists 521
active 0il and gas fields in the Gulf of Mexico 0CS as of December 31, 1982.
An additional 16 fields have been depleted and abandoned. =Estimates of
original recoverable reserves for 4684/ active fields and 16 depleted fields
amount to 8.56 billion barrels of oil (BB0O) and 98.1 trillion cubic feet
(TCF) of gas; remaining recoverable reserves in these fields, as of December
31, 1982, are estimated at 3.0 BBO and 39.8 TCF of gas (Hewitt and others,
1983).

The following chapters are arranged to provide general information on
the regional framework and petroleum geology of the central and western Gulf

of ilexico, followed with information on petroleum potential and seafloor

1
*/Hewitt and others (1983) do not consider 53 of the 489 active fields
to be sufficiently developed to permit reasonably accurate estimates of
reserves at this time.



hazards more specifically tied to the areas proposed for leasing in Sales 81
and 84. References cited and illustrations have been included with

individual chapters for convenience.
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CHAPTER I
REGIONAL GEOLOGIC FRAMEWORK:
CENTRAL AND WESTERN GULF OF MEXICO OCS REGIONS
by

Ray G. Martin

GENERAL

Outer Continental Shelf 0il and Gas Lease Sales Nos. 81 and 84 are
proposed for the central and western Gulf of Mexico regions lying
principally off the states of Texas and Louisiana. These regions include
the continental shelf and adjacent continental slope and the deep seabed of
the north central and northwestern Gulf of Mexico generally west of
longitude 88°W and north of latitude 26°N (Fig. 0-1). Water depths in the
combined sale area range from about 60 to 10,200 ft; bathymetry and
physiographic features in this area are shown in Figure 0-2 of the
Introduction of this report.

This chapter addresses the geologic setting of the proposed sale areas,
first by a general discussion of the regional geology of the Gulf of Mexico
basin, and second by a more detailed review of the stratigraphic and

structural frameworks of the northern Gulf margin.
REGIONAL GEOLOGIC SETTING

The Gulf of Mexico is a relatively small ocean basin covering an area
of more than 579,000 mi2 (1.5 million km?). The basin is almost completely
surrounded by landmasses and opens to the Atlantic Ocean and Caribbean Sea
through the Straits of Florida and the Yucatan Channel. The central
deep-water region of the Gulf is underlain by dense oceanic basement rocks

(Fig. I-1), which are depressed substantially below the levels of equivalent
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crustal layers in normal ocean basins (Ewing and others, 1960, 1962; Menard,
1967; Martin and Case, 1975). Thinned, moderately dense basement forms the
foundation beneath the continental slopes and large parts of the continental
shelf areas representing a crustal transition between the thin basaltic
basement in the center of the basin and thick granitic type bhasement that
floors the emergent margins and parts of the continental shelves (Fig. I-2;
Hales and others, 1970; Worzel and Watkins, 1973; Martin and Case, 1975).

In contrast to ocean basins, such as the Caribbean Sea basin, whose margins
have been either created or highly modified by convergent plate-~tectonic
processes, the Gulf basin appears to have drifted passively with North
America, gaining its present form from a combination of basin rifting and

intrabasin sedimentary-tectonic processes.

Origin and Early Evolution

The age and early evolution of the Gulf of Mexico are not well known,
but subsurface geologic information from deep drilling and seismic
reflection data in the peripheral coastal plains, on the continental
shelves, and in the deep basin suggests that the basin is relatively young.
At the close of the Paleozoic era and during the earliest Mesozoic time, the
present Gulf basin appears to have been occupied by an emergent region
periodically invaded by shallow epicontinental seas. During this period,
the region was beginning to undergo the latest in a cycle of worldwide
tectonic processes that would ultimately lead to the present distribution of
continental landmasses and ocean basins. At this time, much of North
America was part of a supercontinent that included large parts of the
present South American, African, Antarctic, Indian, and European continents.
Geologic evidence in the emergent margins of the Gulf bhasin suggests that

the region began to be affected by tensional crustal extension during the



Triassic as Africa and South America began to drift southeasterly away from
North America. This early stage of continental separation produced
widespread rifting along eastern North America and into the Gulf region.
This episode of rifting formed complex systems of graben basins, which were
quickly filled by sands and muds in a primarily subaerial environment.
Separation of the continental plates continued through the Triassic and
Jurassic, establishing by the beginning of the Cretaceous the basic
configuration of the present Gulf basin, which has since been modified
principally by sedimentary, rather than tectonic, processes.

During this extensional phase, the Gulf of Mexico region underwent
remarkable changes both at the surface and within the crustal foundation.
The divergent drift of the continental masses stretched the deep crustal
layers beneath the basin into thinner and thinner proportions. During this
process, the basement was subject to fracturing and injection of dense
molten rock into fissures. As this complex process proceeded, the crust was
slowly attenuated with attendant change from low-density continental
basement having a thickness of 15.5-21.7 mi (25-35 km) to
intermediate—~density, moderately thick 6.2-9.4 mi (10-15 km) transitional
crust (Ewing and others, 1960, 1962; Hales and others, 1970; Worzel and
Watkins, 1973). Owing both to crustal thinning and complex phase changes
related to pressure and temperature gradients in the deep crust and upper
mantle (Martin and Case, 1975), the Gulf of Mexico region began to subside
and become subject to thick accumulation of sediment from surrounding
landmasses. Initial subsidence due to rifting and crustal attenuation has
combined with subsequent sediment load to cause maximum subsidence of about
30,000 ft (9,146 m) since mid-Jurassic time in the central Gulf basin and
possibly as much as 50,000 ft (15,244 m) in wmajor depocenters along the

northern Gulf margin (Fig. I-2).
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By mid-Jurassic time and perhaps earlier, shallow seas began to invade
the region periodically. For long periods, these shallow bodies of seawater
were restricted from circulation with open—-ocean waters, and large amounts
of salt precipitated across wide areas as the seawaters were evaporated.
These restricted-~circulation conditions prevailed over the northern,
central, and southwestern Gulf regions into late Jurassic time, producing
accumulations of salt that locally were 10,000 to 15,000 ft (3,048 to
4,572 m) thick before flowage into the numerous pillows, massifs, and
diapiric stocks that today dominate the structural fabric of much of the
Gulf basin (Fig. I-1l; Martin, 1980). It 1is not known whether these vast
deposits of salt accumulated in one broad basin, separated during the Late
Jurassic by active sea~floor spreading (Buffler and others, 1980; Dickinson
and Coney, 1980; Walper, 1980), or whether they were deposited in isolated
graben—~basins in essentially their present geographic positions. However,
the crust beneath the deep Gulf floor between the present salt-dome
provinces of the northern and southern Gulf has physical properties similar
to that of oceanic basement formed by sea-floor spreading (Fig. I-2) and
implies that the Jurassic salt basins were rifted apart, probably during the
Late Jurassic or earliest Cretaceous.

A thin section of pre-middle Cretaceous strata above oceanic crust in
the central Gulf is shown by refraction and reflection data used in the
construction of cross sections A~A' and B-B' (Fig. I~2). Thicker sections
of pre-middle Cretaceous, Jurassic, and possibly older deposits are
indicated by geophysical data in the areas of attenuated continental crust
(Fig. I-2) flanking the oceanic terrane, thus supporting a model of
late—stage rifting of the central Gulf basin with implacement of mafic crust

and attendant drift of Middle to Late Jurassic salt basins.
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Mesozoic and Cenozoic Depositional History

Following the last major cycle of evaporitic deposition early in Late
Jurassic time, the Gulf of Mexico region was flooded by open seas.
Depositional environments quickly changed from evaporitic and continental to
shallow and, perhaps locally, deep marine. Terrigenous sands and muds
initially were deposited across the basin, and eventually they were overlain
by predominantly carbonate accumulations as subsidence slowed and the supply
of terrigenous clastic material waned. A carbonate depositional regime
prevailed into the Early Cretaceous, during which time, broad carbonate
banks composed of limestones, dolomites, and interbedded anhydrites were
constructed around the periphery of the basin (Fig. I-3). Carbonate muds
accumulated in the deeper water areas between these broad banks. The
seaward edges of these shallow banks were sites of reef building and
detrital carbonate accumulation. As reef construction and sedimentation
kept pace with regional subsidence, the banks were continually built upward
as their foundations sank. Because only meager amounts of sediment were
being supplied to the deeper regions of the basin at this time, sediment
accumulation there was extremely low in comparison to that on the shallow
bank margins. The net effect was the formation of thick, steeply fronted
carbonate platforms around the periphery of the basin that grade abruptly
seaward into a relatively thin sequence of time-equivalent deep-water
strata. The present~day Florida and Campeche Escarpments in the eastern and
southern Gulf expose part of these Early Cretaceous platforms.

In mid-Cretaceocus time, a profound increase in the subsidence rate and
sea level affected the carboate depositional environment throughout the Gulf
region. As the Late Cretaceous seas expanded, shallow-water carbonate

environments transgressed landward from the outer margins of the banks.



Increased subsidence in the Gulf region was accompanied by an increase in
land—-derived sediment supply, which overwhelmed carbonate environments in
the northern and western regions of the basin (Fig. I-3). Carbonate
deposition persisted, however, on the Florida and Yucatan Platforms in the
eastern and southern Gulf.

General uplift of the North American continent during latest Cretaceous
and early Tertiary times was related to the tectonic formation of the Rocky
Mountains in the western United States and Canada and the Sierra Madre and
Chiapas ranges in Mexico; this general uplift produced voluminous amounts of
clastic sediment that were delivered to the northern, western, and
southwestern Gulf regions (Fig. I-3) throughout the Tertiary period. These
tectonic events in the southern and western periphery of the Gulf basin
apparently induced erosion that removed substantial amounts of Upper
Cretaceous strata from the rock record. Following this episode, large
volumes of land-derived sands and muds were deposited in successively
younger wedges of offlapping strata as the hasin subsided relatively rapidly
(Fig. I-2). Alternate periods of load-induced subsidence and up~building of
sediments followed by less subsidence and out-building of sediments produced
the multiple transgressions and regressions of depositional environments
that are characteristic of the Tertiary sequence in the northern and western
Gulf margins. Sediment supplies during Cenozoic time overwhelmed the
general rate of subsidence, causing the margins to be prograded as much as
240 mi (384 km) from the edges of Cretaceous carbonate banks around the
northern and western rim of the basin to the present position of the
continental slopes off Texas, Louisiana, and eastern Mexico.

Almost without interruption, the voluminous infilling of the Gulf basin
during Tertiary time was followed by sediment influx of similar proportions

due to the profound effects of continental Pleistocene glaciation. Sea



level rose and fell in concert with climatic conditioms that controlled the
retreats and advances of glacial sheets. Pleistocene sediments accumulated
mainly along the outer shelf and upper slope regions of the northern margin,
and on the continental slope and deep basin floor in the east-central Gulf
where the topography expresses the apronlike shape of the Mississippi Fan
(Fig. I-3). Thick accumulations of Pleistocene strata extend southeastward
to the topographically high approaches to the Straits of Florida and
southwestward into the Sigsbee Plain.

In contrast to the profound infilling by voluminous clastic depositiomn
in the northern and western margins of the basin during Cenozoic time, very
little clastic debris reached the platform regions of the eastern and
southern Gulf. Consequently, the carbonate environments that had prevailed
on these banks during the Mesozoic, for the most part, persisted throughout
Tertiary and Quaternary times. Clastic sediments from land areas to the
north and northwest of the Florida Platform were deposited as far south as
the middle shelf region as minor Tertiary components in an otherwise
carbonate enviromment. In the absence of significant supplies of sands and
muds from highlands to the south and southwest, Tertiary and Quaternary
strata across the Yucatan Platform likewise represent continued accumulation
of shallow-shelf limestones and carbonate detritus that prevailed earlier in

Mesozoic time.

Structural Framework

The continental margins and deep ocean basin regions of the Gulf of
Mexico, in spite of much subsidence, are relatively stable areas in which
tectonism caused by sediment loading and gravity has played a major role in
contemporaneous and post-depositional deformation. Mesozoic and Cenozoic

strata in the Gulf basin have been deformed principally by uplift, folding,
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and faulting associated with plastic flowage of Jurassic salt deposits and
masses of underconsolidated Cenozoic shale. Large regions of the northern
Gulf margin have been complexly deformed by load-induced flowage of these
water—-saturated, undercompacted shales. Similarly, loading of
water—saturated muds that were rapidly deposited and buried in the western
margin from southern Texas to the Bay of Campeche caused plastic flowage
that buckled overlying strata to form a complex and extensive system of
linear anticlines and synclines (Figs. I-I, I-2).

Cenozoic strata in the northern and western margins of the Gulf, from
the Mississippi Delta region southwestward into the Bay of Campeche, are
offset by a complex network of normal faults that formed in resnonse to
depositional loading and attendant plastic flowage of underlying materials
along successive shelf edées during Tertiary and Quaternary times.
Sedimentary loading of thick deposits of Jurassic salt in the northern
margin from the Mississippi Delta region to northeastern Mexico, in the
southwestern margin in the Bay of Campeche, and in the deep basin north of
the Yucatan Platform caused the formation of extensive fields of salt
diapirs, which have pierced many thousands of feet of overlying strata
(Figs. I-1, I-2). Outside of the Sigsbee Knolls diapir field, Mesozoic and
Cenozoic strata in the deep basin regions of the Western Gulf Rise, Sigsbee
Plain, and lower !Mississippi Fan have been only mildly deformed as a result
of regional crustal warping and adjustments due to differential
sedimentation and compaction; the stratigraphic sequence mainly is affected
by normal faults of minor displacement and by broad wrinkles having a few
tens to a few hundreds of feet of relief. 1In the massive carbonate
platforms of the eastern and southern Gulf, post—-Jurassic deformation has

resulted largely from broad regional uplift and crustal warping.
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These structural features are contained within the wedge of sediments .
and although generally related to crustal subsidence, are not direct
products of major crustal events. Structural deformation resulting from
dynamic earth processes appears primarily to affect pre—Cretaceous strata
over much of the region, and Mesozoic—-Cenozoic deposits in a small part of

southernmost Bay of Campeche.
GEOLOGIC FRAMEWORK OF THE PROPOSED SALE AREAS

The continental margin of the northern Gulf of Mexico from the De Soto
Canyon to the Rio Grande is composed of thick sequences of clastic sediments
deposited in offlapping wedges that have been deformed by the movement of
salt and undercompacted shale during Cenozoic time (Figs. I-4,I-5,I-6).
Cumulative sediment thickness of Tertiary—~Quaternary clastic material
possibly amounts to more than 15 km (50,000 ft) in the region of the
continental shelf off Louisiana and Texas, herein referred to as the "Gulf
Coast basin” but also known as the Gulf Coast Geosyncline of Bornhauser
(1958) and Hardin (1962). The landward limit of the basin is considered to
be the updip edge of basal Tertiary deposits in the inner coastal plain
while its southern flank is described by the near convergence of the
descending topography of the‘continental slope and the ascending surface of
mobile Jurassic salt (Fig. I-4).

Beneath the coastal plain the basin is characterized by centers of
maximum deposition that occurred in the Rio Grande, Houston-East Texas,
lower Mississippi, and Apalachicola Embayments (Fig. I-~5). The Llano and
Monroe Uplifts and the southern terminus of the Appalachian foldbelt are
transversely aligned to the basin axis and reflect a Paleozoic and

Precambrian framework that protrudes Gulfward between the embayments as

salients of the continental foundation. Other structurally positive
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elements which, in varying degrees, affected Cenozoic depositional patterns
within the basin include the San Marcos Arch in south—-central Texas, the
Sabine Uplift in northeast Texas and Louisiana and the Wiggins Arch in

southern Mississippi.
Stratigraphy

The Culf Coast basin is composed of thick transgressive and regressive
sections of Tertiary—Quaternary clastic sediments deposited in offlapping
wedges over mainly carbonate beds of Cretaceous age (Fig. I-4). Dark-
colored paralic sediments, carbonates, redbeds, and evaporites of Jurassic
age and possibly older underlie the Cretaceous strata; and, along the
northern margin of the coastal plain, rest unconformably on complexly
structured units of the Ouachita system (Flawn and others, 1961; Vernon,
1971; Woods and Addington, 1973).

Pre-=Jurassic strata in the aorthern Gulf Coast hasin were deposited
upon and coastward from the orogenic geosynclinal facies of the Ouachita
tectonic belt (Fig. I-6). They include late-orogenic Pennsylvanian and
Permian paralic clastics and shelf carbonates (Woods and Addington, 1973)
and post-orogenic Triassic fluviatile to deltaic redbeds (Eagle Mills
formation) deposited mainly in graben structures that parallel the basin
rim. Triassic strata unconformably overlie Paleozoic beds of several ages
and are in turn overlapped by Jurassic and Upper Cretaceous deposits.
Pre-Jurassic strata are known from only a limited number of deep wells
drilled along the northern perimeter of the basin in the inner coastal plain
and are believed to plunge far below the economic and geologic limits of

exploration in the area of OCS Lease Sales 81 and 84.
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Jurassic strata in the northern Gulf margin are represented by
lithologic types ranging from redbeds and evaporite deposits to marine
clastics and carbonates (Newkirk, 1971). The youngest of these strata
represent a continuation of the post—orogenic redbed accumulation that
followed truncation of Triassic graben deposits. Important to hydrocarbon
accumulation in the Gulf Coast basin is the Louann Salt of Middle to Late
Jurassic age (Callovian to Oxfordian; Imlay, 1980) which has been deformed
into diapirs, domes, and anticlines that pierce and uplift the
Cenozoic-Mesozoic section. The Louann belongs to the upper part of the
post-orogenic sequence and is underlain and overlain by, and interfingers
with, redbeds that range in age from Permian to Jurassic (Lehner, 1969;
Tyrell, 1972). Jurassic salt deposits underlie the Gulf Coast basin along
three prominent belts whose extents are desc;ibed by fields of diapiric
structures shown in Figure I-6: 1) an inner belt consisting of the
Mississippi, North Louisiana, and East Texas salt basins; 2) a middle belt
containing the Louisiana-Texas coastal and inner shelf salt dome areas and
isolated diapirs in the Rio Grande Embayment; and 3) an outer belt which
includes nearly all of the continental shelf and slope from the De Soto
Canyon to northern Mexico.

Physical correlation between the salt that forms domes on the
continental slope and that which underlies the northern part of the Gulf
Coast basin is not firmly established. Geophysical evidence that
top-of-salt lies at depths of 9-12 km (30,000-40,000 ft) along and below
Cretaceous shelf deposits in eastern Texas (Newkirk, 1971), and the recovery
of redbeds overlain by Cretaceous carbonate sediments from the crest of a
large salt massif off south Texas (Lehner, 1969) provide the rationale for
inferring the salt in the continental slope to be stratigraphically

equivalent to the Louann. Watkins and others (1976) suggest, however, that
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the salt of the lower Gulf Coast, shelf and slope was deposited in a bhasin
separate from the Louann but that it is probably equivalent to the Louann
and to the Challenger salt (Ladd and others, 1976) of the south-central Gulf
basin.

Upper Jurassic and Cretaceous strata in the Gulf Coast consist mostly
of shallow-marine carbonate rocks deposited over broad shelf areas that
extended counter—clockwise around the open Gulf from southern Florida to
Yucatan. Clastic sediments derived from northern and northeastern sources
dominate the Upper Jurassic and Lower Cretaceous sections in northeastern
Louislana and southern Mississippi and Alabama. Shallow-marine carbonate
rocks comprise most of the Lower Cretaceous strata in southwest and central
Texas, and in the coastal part of eastern Texas. Interbedded carbonate and
silicate clastic rocks of neritic origin are predominant in northeast Texas
and adjacent parts of Louisiana and Arkansas (Rainwater, 1971) landward of
the Edwards Reef trend.

As the result of a rapid increase in the rate of subsidence of the
basin, Upper Cretaceous strata transgress all older Mesozoic rocks in the
northern Gulf except those on the Edwards Plateau in central Texas (Holcomb,
1971). Upper Cretaceous strata are represented in the Gulf Coast by mainly
transgressive sands, shales, marls, and chalks. Locally, reef-like
carbonate beds accumulated on the Monroe and Jackson Uplifts and coal
sequences were deposited in the upper Rio Grande Embayment (Holcomb, 1971).

Since early Cenozoic time, the Gulf Coast basin has received a great
influx of terrigenous sediments from northern and western sources as a
result of Laramide orogenesis which uplifted much of the North American
continent. Most of the petroleum exploration targets in the Central and

Western Gulf OCS are in sedimentary sequences of early Miocene through
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Pleistocene age, representing a maximum stratigraphic accumulation of more
than 10 km (33,000 ft) in the vicinity of the Mississippi Delta.

Cenozoic deposition was generally cyclic, with minor periods of
transgression repeatedly interrupting the overall pattern of regression.
Tertiary-Quaternary stratigraphic units generally grade seaward from
thick-bedded sandstones, deposited in continental, lagoonal and deltaic
environments through alternating sands and shales of the inner and neritic
environments, into thick, outer neritic and deep marine shales and
turbidites of the bathyal or continental slope environment (Fig. I-7;
Braunstein and others, 1973). In gross geometry, Miocene, Pliocene, and
Pleistocene strata, consist of three major facies deposited simultaneously
in zomes that generally paralleled the shoreline; these facies represent the
intercoastal, shelf, and slope environments of deposition (Shinn, 1971).

The landward facies consists primarily of continental, lagoonal, and deltaic
sediments, predominantly sandstones, which were deposited near the shore and
are referred to as the "massive sands” or "deltaic plains complex” (Figs.
I-7,1-8A). The middle facies consists of alternating sandstones and shales
deposited in the neritic and upper bathyal environments, while mud was
deposited in the outer neritic, bathyal, and possibly abyssal environments
and dominates the "“deep water"”, or seaward facies.

These facies represent persistent environments that have migrated
steadily seaward throughout the Cenozoic in conjunction with the
progradation of the northern Gulf clastic embankment. Caughey (1975)
characterized the Pleistocene section of the north—central Gulf margin as a
regresional sequence of fluvial, delta-plain, delta-front, and prodelta
deposits distinguished on the basis of lithologic and paleontologic criteria
(Fig. I-8B). Fluvial facies consist predominantly of discontinuous massive

sandstone units separated by intervals of sandy shale. Delta—plain facies



fringe the down—dip margin of fluvial deposits and consist of nonmarine to
inner neritic progradational sequences that contain 25 to 507 sandstone.
Thickest sandstone accumulations are present as a result of superposed
channel-mouth bar and distributary chaonel deposits. Delta-plain deposits
are transitional downdip into the brackish to inner-neritic, delta-front
facies. Delta-front deposits contain sand in amounts of 10 to 307 of the
total section and are characterized by thin to moderately thick sand units
having gradational bases and sharp upper contacts. Delta—-front sandstones
thin basinward and disappear into massive prodelta and slope mud deposits.

In concert with Cenozoic progradation of the northern Gulf margin,
centers of maximum deposition within the basin have migrated laterally in
response to the shift of sediment supply from the Rio Grande to the
Mississippi River drainage basin (Hardin, 1962). Thickest accumulations of
lower Tertiary strata occur in the Rio Grande Embayment, Miocene strata in
southern Louisiana, Pliocene deposits under the central shelf and
Pleistocene along the present shelf edge (Fig. I-9); Shinn, 1971; Powell and
Woodbury, 1971; Woodbury and others, 1973).

More specific details regarding the stratigraphy of prospective
Tertiary and Quaternary sections, sand-bearing facies, and depositional
patterns of Cenozoic strata are presented in the following chapter on

Petroleum Geology.

Structural Features

The Gulf Coast basin is a region of major vertical subsidence and
relatively simple gravity tectonics. Principal structural features in the
basin are salt domes, regional "growth"” faults, and masses of mobilized
undercompacted shale (Fig. I-6) that have resulted from the presence of an

underlying Jurassic salt basin and the depositional and lithological

I-14



characteristics of the Cenozoic sedimentary wedge that gradually advanced
gulfward across it. These structural features are contained within the
young sedimentary prism and are little related to deep-seated tectonic
forces.

The configuration of the rim of the Gulf Coast basin from Alabama
westward through Arkansas to southwest Texas (Fig. I-6) was inherited from
the trend of the Ouachita tectonic belt formed in the late Paleozoic from
the "Llanorian geosyncline” which flanked the North American craton (Flawn
and others, 1961; Woods and Addington, 1973). Upper Paleozoic to lower
Cenozoic strata along the inner margin of the basin have been greatly
affected by post=-orogenic vertical movements resulting from a relaxation of
compressional forces that had acted on the late Mississippian-Pennsylvanian
continental margin. Mesozoic tensional stress on the inner margin of the
basin is reflected by systems of faults that formed contemporaneously with
deposition in Triassic to Tertiary. Faulting in the younger peripheral
graben zones (Fig. I-6; Balcones, Mexia-Talco, Pickens-Gilbertown-Pollard)
was caused locally by plutonic and volcanic activity, differential
subsidence, basinward sediment creep, and salt flowage (Bornhauser, 1958;
Cloos, 1968; Hughes, 1968; Bishop, 1973). A similar structural framework
for pre-middle Cretaceous strata in the offshore region of the northern Gulf

is likely.

Salt Structures

Salt diapirs in the Gulf Coast basin are distributed in interior basins
in east Texas, northern Louisiana and central Mississippi and along the
Texas—Louisiana coast from the San Marcos Arch to the Yigsissippi Delta
(Fig. I-6). The coastal province of domes continues beneath the

Texas~Louisiana Shelf and extends along the contiunental slope from a small

I-15



grouping of structures in the De Soto Canyon westward into the slope off
northeastern Mexico. The basinward limits of diapirism in the northern Gulf
of Mexico are well defined by the abrupt topographic steepening along the
lower slopes that form the Sigsbee and Rio Grande Escarpments in the central
and western sectors of the region. These limits are poorly marked in the
Mississippi Fan province, where thick late Quaternary deposition has
obscured nearly all topographic expression of underlying structure.

The diapiric movement of salt is considered to be due to density and
strength differences between salt and surrounding sediment that occur at an
overburden thickness of no less than 1000 m (3000 f£t) (Thrusheim, 1960).

The actual start of mobilization is probably determined largely by
temperature (Heroy, 1968 and Gussow, 1968), but is also dependent on other
factors such as salt thickness and purity, and slope of the underlying
surface (Trusheim, 1960). The processes of differential loading and plastic
flow within the salt are believed to have been maximized along successive
fronts of the gulfward advancing sedimentary embankment (Hanna, 1958).

In the early stage of deformation, salt is displaced into bhroad gentle
pillows which form in areas of less overburden pressure (Bornhauser, 1958).
Withdrawal of salt from beneath areas of greater loading causes subsidence
of the overburden mass allowing for the accumulation of more sediments that
will cause further structural growth. As the sediment load increases and
expands into other parts of the basin, the deformation pattern matures and
the salt is gradually squeezed into stocks and, ultimately, into narrow
spine-like domes (Lehner, 1969).

The distribution pattern of diapir fields in the northern Gulf margin
represents the overall extent of the Louann Salt basin of Middle to Late
Jura;sic time (Fig. I-6). "Domeless"” areas in the margin are underlain

either by salt accumulations too thin to be mohilized into diapirs or by
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time-equivalent non-evaporitic facies. Diapir fields onshore and offshore
represent areas of thickest Jurassic salt accumulation (McGookey, 1975;
Martin, 1978, 1980). Variations in the sizes of individual salt structures
within the fields result from relative differences in the thickness of the
original salt available for diapiric injection and in the total thickness
and rates of accumulation of the seQimentary overburden that induced and
perpetuated salt mobility (Amery, 1978).

In the Gulf Coast basin, salt movement was probably initiated soon
after deposition in the Late Jurassic and reached its acme in the interior
coastal plain during Late Cretaceous and early Tertiary times (Bornhauser,
1958; Halbouty, 1967, 1979; Kupfer, 1974). Rapid gulfward advance of the
continental margin during the late Tertiary and Quaternary produced maximum
diapirism in the lower coastal plain and continental shelf during the
Miocene and Pliocene and in the outer shelf and slope regioans in the

Pleistocene (Lehner, 1969; Woodbury and others, 1973; Rupfer, 1974).

Coastal Plain and Continental Shelf--Deeply rooted salt diapirs, commonly

shaped like slender columns with enlarged and occasionally mushroomlike
tops; diapiric and nondiapiric salt anticlines; and deep—-seated nondiapiric
salt pillows are characteristic of the interior coastal plain salt hasins,
coastal areas of Texas and Louisiana and the continental shelf from Florida
to Texas (Fig. I-10). The diameters of salt diapirs range from less than
0.6 mi (1 km) to as much as 19 mi (30 km); salt anticlines, including those
in the Mississippi salt basin and the Destin structure off northwestern
Florida, range from 9 mi to 43 mi (15 km to 70 km) in length. Diapiric
structures in the coastal plain and inner continental shelf regions
generally are less than 5 mi (8 km) across. Large salt stocks are commonly

situated along intricate networks of growth faults in the middle shelf and
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Mississippi Delta regions off Louisiana and in the outer shelf off Texas
(Fig. I-6).

Seafloor expressions of salt domes in the forms of mounds and banks
that were produced by arching and faulting of strata over diapiric centers
are common along the outer shelf-edge. Some of the more prominent banks
along the shelf-~edge consist of carbonate caps built by faunal growth active
since late Pleistocene time. That these reefs thrived in the photic zone,
and that some continue to thrive on East and West Flower Garden Banks (Fig.
0~2) over a period of time marked by subsidence, high sedimentation rates,
and a wide range of sea level fluctuations, indicates a recent and

continuing history of vertical salt uplift (Martin and Bouma, 1982).

Upper Continental Slope~—Large salt stocks surrounded by thick sheaths of

deformed shale and ridgelike masses of diapiric salt are typical of the
diapiric structural style of the shelf-edge and upper continental slope
regions in water depths ranging from 295 to 3,280 ft (90 to 1,000 m) from
the Mississippi Delta vicinity westward to the Rio Grande Slope off south
Texas (Fig. I-11). Structural sizes of salt stocks range from 3 to 19 mi
(5 to 30 km) across, and some salt anticlines extend for more than 31 mi
(50 km). Salt structures are separated by broad sedimentary basins that are
filled to near-capacity and only moderately expressed in the sea floor
topography. Upper slope basins commonly contain about 6,500 to 11,500 ft
(2,000 to 3,500 m) of sediment and some, especially those in the Mississippi
Fan and western slope regions, contain bedded deposits exceeding 16,400 ft
(5,000 m) in thickness.

As many as 24 individual salt structures penetrate and uplift
Cretaceous units and Tertiary strata as young as late Miocene in the upper

slope region unear De Soto Canyon just east of the Central Gulf OCS Planning
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Area (Fig. I-6). Other piercement domes and nondiapiric salt swells are
known to exist in the area between the De 3oto Canyon diapiric field and the
large salt uplifts of the Destin Dome area to the northeast, and some domes
not shown on figures included here are reported in the shelf and upper slope
south of Mobile Bay. The apparent detachment of these structures from the
main diapiric province to the west may be due to depositional and

paleostructural factors (Martin, 1980).

Middle Continental Slope——Between the Mississippi Fan province and the

Alaminos Canyon (Fig. I-5), the middle slope region is characterized by the
presence of very broad, steeply-flanked diapiric stocks and ridges
distributed in a totally random pattern (Fig. I-6). In cross—section these
structures appear as thinly covered salt massifs separated by deep
topographic depressions and canyons filled with thick, bedded deposits (Fig.
I-13). Sediment distribution patterns on the slope are controlled
principally by the growth of salt structures which have often blocked active
submarine canyon systems, or coalesced to form topographic depressions in
noncanyon areas {(Martin and Bouma, 1978; Trabant and Presley, 1978; Bouna
and Garrison, 1979; Martin and Bouma, 1982). Sedimentary loading on thick
subsurface salt deposits in such local basins thus may be a prime factor in
the evolution of the random structural pattern of salt diapirs in the

Texas-Louisiana Slope (Watkins and others, 1978; Martin and Bouma, 1982).

Lower Continental Slope——Salt structures on the lower Texas-~Louisiana Slope

between the Mississippi Fan and Alaminos Canyon consist mainly of gentle,
pillowlike swells that rise only a few hundred meters above an almost
continuous mass of relatively shallow salt (Fig. I-14). Structural crests

are covered by thin sections of moderately deformed bedded sediments and

slump deposits. In contrast to the thick sections of downbuilt sediments
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(Humphris, 1978) that occupy deep interdomal basins and canyons elsewhere in
the Texas-Louisiana Slope and structural troughs between salt ridges in the
Mississippi Fan province, the sedimentary cover of the lower slope region is
relatively thin (1,600 to 6,500 ft [500 to 2,000 m]) and is perched on the
shallow salt surface. The almost continuous body of shallow salt that
underlies the lower slope region is divided into broad, lobelike masses by
submarine-canyon systems that open onto the continental rise and extend from
several tens of kilometers into the slope province as pronounced topographic
features. These canyons, and a number of broad basins and troughs which
separate lower slope salt masses from the large diapiric stocks and ridges
on the middle slope, contain substantial thicknesses of well-stratified
deposits. Along the Sigsbee Escarpment at the foot of the Texas—Louisiana
Slope, these thinly covered salt tongues (Fig. I-15) overlie continental
rise strata that range in age from Miocene to early Pleistocene. Salt
tongues of this nature were initially recognized by deJong (1968) and Amery
(1969) near longitude 92°W, in the area of the southernmost bulge in the
escarpment, and were described in later reports by Watkins and others (1975,
1978) and by Humphris (1978). Seismic-reflection data show that such salt
tongues are not local features, but extend well into the slope province
(Fig. I-16) along the escarpment from near longitude 91°W westward to
longitude 94°W. Salt thicknesses range from 1.0 to 1.5 km upslope to only a
few tens of meters thick along nearly exposed basinward edges. Basal
surfaces of individual salt tongues are in angular contact with the
Quaternary and Tertiary strata that continue basinward into the adjacent
Sigsbee Wedge (Wilhelm and Ewing, 1972) sequence (Fig. I-15). It is
apparent that the salt tongues are the result of lateral flowage, probably
contemporary with the deposition of late Tertiary and Quaternary strata so

that the leading edges of individual flows were never buried more deeply

I-20



than they are at present. Collectively, the flows represent the leading
edge of a large salt body that extruded seaward in response to the rapid
accumulation of regional sediment loads during late Tertiary and Quaternary
time. That there is little evidence of salt intrusion or uplift in the
strata beneath the salt tongues further suggests lateral salt flowage beyond

the basinward limits of Jurassic salt deposition (Martin, 1980).

Northwest Continental Slope—-~The structural styles of salt diapirs and

uplifts of the continental slope regions off south Texas and northeastern
Mexico (Fig. I-5) contrast markedly with those of the Texas-Loulsiana Slope
region just described. In the elbow area of the continental slope off south
Texas, where the trend of the slope swings from east-west to north-south,
the structural style of salt deformation is considerahly subdued (Fig. I-6).
tlost of the middle and lower slope regions are underlain by a shallow salt
layer whose surface has been deformed into gentle anticlinal and {irregularly
shaped forms that uplift and fault the overlylng strata but commonly do not
intrude them. Steeply flanked, well-defined diapiric anticlines and stocks
are common features in the upper slope and near Alaminos Canyon, but are the
exception elsewhere. To the south in the Rio Grande Slope province (Figs.
I-6,1I-17), isolated diapiric stocks and narrow anticlines are the
predominant salt-forms of the upper slope region to about 1,000 m water
depths. Structures are covered and separated by thick sections of
sedimentary deposits, and few are topographically expressed. The ridge and
knoll topography of the middle and lower slope region is formed by very
large, northeast-trending salt anticlines separated by deep basias and
troughs which contain thick sections of clastic sediment. Large anticlines,
possibly cored with nondiapiric salt, lie beneath the continental rise

southward from Alaminos Caanyon (Figs. I-6,I-18).
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Mississippi Fan——The middle slope region of the Mississippi Fan province is

underlain by a system of northeast-trending salt anticlines (Figs. I-6,
I-12) first recognized by Shih and Watkins (1974). Salt ridges range from
0.6 to 9 mi (1 to 15 km) in breadth and from 19 to as much as 87 mi (30 to
140 km) in length. Narrow troughs between the ridgelike structures commonly
contain stratified sedimentary sections 6,500 ft (2,000 m) or more thick.
Thick deposits of Late Quaternary strata over the entire region obscure all
but the most subtle topographic expression of the underlying salt-ridge
structure. The morphological contrast between the subparallel ridge system
of the Mississippi Fan province and the random pattern of salt structures in
the Texas-Louisiana Slope region to the west may be the result of a more
uniform distribution of prograding sediment loads in the relatively younger
deltaic-slope province (Watkins and others, 1978).

The seaward edge of the northern Gulf diapiric province is less
well-defined in the Mississippl Fan region than elsewhere aloag the margin.
Small, isolated diapiric plugs and nondiapiric, pillowlike swells (Figs.
I-1,I-6) pierce and uplift Cretaceous and early Tertiary strata in a
poorly~defined belt that lies subparallel to the Florida Escarpment and that
extends from the salt-ridge system of the upper fan southeastward to near
latitude 25°N in the Eastern Gulf OCS. These structures are presumed to be
salt-domes on the basis of morphological characteristics aad on the general

stratigraphic level at which they are rooted.

Undercompacted Shale Structures

Beneath the shelf off south Texas, salt diapirs are virtually unknown
and the broad, linear uplifts and complex fault systems (Figs. I-6,I-19)
that affect the Cenozolc section there, have, instead, resulted from mohile

masses of undercompacted shale (Bruce, 1973). Elsewhere over the Texas-
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Louisiana OCS, large masses of mobile shale "sheaths” commonly accompany
salt diapirs. Shale anticlines and domes are the result of deep water
marine clays being subject to essentially the same p?ocesses of loading and
plastic flowage that are operative in the formation of salt domes. Gulf
coast shale structures consist typically of low-density, water-saturated
clay and contain abnormally high fluid pressures. Compaction of these clays
has been prematurely terminated by thé rapid accumulation of overlying
sediments causing a drastic reduction in permeability and thereby preventing
the normal expulsion of pore water (Bruce, 1973). Abnormally high fluid
pressures in the shales thus result because pore water, rather than
sediment, bears the bulk of the overburden load.

Modern multichannel seismic reflection data from the region of the
Central and Western Gulf OCS Planning Areas have showan that structures
produced by mobilized undercompacted shales are wore common than previously
thought. Many of the structural features identified on Figure I-6 as "salt
diapirs” may include thick sheaths of deformed shale that are more the
result of shale flowage related to overburden load than flowage in respounse
to salt mobilization. Also, some of the structures mapped as salt from
analysis of single-channel seismic data may in fact he composed entirely of

deformed shale.

Faulting

Major systems of principally down-to-the-basin faults occur along the
Texas and Louisiana Gulf Coast seaward of the trend of the Lower Cretaceous
shelf edge, and extend from the Mississippi-Alabama Shelf westward into
northeastern Mexico (Fig. I-6). Faults are observed in great numbers in
most seismic reflection profiles crossing the shelf and upper slope regions

of the Texas and Louisiana O0CS. Publicly available data and published
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compilations, however, are not sufficient to permit mapping of the complex
pattern of fault systems in the 0CS for this report.

Faults generally have formed contemporaneous with deposition, resulting
in a marked thickening of beds in the downthrown block, and hence have been

termed growth faults (Ocamb, 1961l; Hardin and Hardin, 1961), and

syndepositional faults (Shinn, 1971). Displacement along "growth-fault”

planes is normal and throw increases with depth (Fig. I-20). Fault planes
are commonly steep near their upper limits but show progressive flattening
with depth. Rotation of the downthrown block often accompanies movement
along the concave~basinward fault plane resulting in a downward increasing
reversal of dip of the sedimentary layers from gently gulfward to gently
landward (Fig. I-20). The pseudo-anticline or "roll-over” (Durham and
Peoples, 1956) thus formed seaward of the fault trace is a product of both
movement and differential sedimentation.

Although predominantly down-to-the-basin, major growth fault systems in
the shelf and slope region of the Central and Western Gulf OCS offset late
Tertiary and Quaternary strata in both down-to-the~basin and down~to-shore
directions. The regional pattern of faulting in the middle and outer shelf
regions appears to be oriented mainly in northwest-southeast and
northeast-~southwest directions. Along the coast and in the inner shelf,
regional fault systems generally parallel the shore from northern Mexico to
the Mississippi Delta vicinity.

Regional faults have formed generally along Tertiary and Quaternary
hinge lines (paleo-shelf edges), where the inclination of the sea floor
steepens, where stratigraphic sequences thicken appreciably, and where gross
lithology changes from interbedded sandstones and shales to predominantly
deep-water shale (dardin and Hardin, 1961; Bruce, 1973). Because the hinge

line, or flexure, for each succeedingly younger unit lies farther seaward,
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growth—fault systems of the Gulf Coast basin become successively younger in
a gulfward direction (Shinn, 1971).

The principal growth fault systems of the outer shelf region are
directly related to flowage of undercompacted shales as a result of
overburden loads. The model for regional growth-fault formation espoused by
Bruce (1973) for the shelf offshore south Texas may be applicable to most of
the central and western Gulf of Mexico OCS region. On a more local scale,
the complex fault pattern of the Gulf Coast basin is accentuated by the
common occurrences of peripheral and radial systems of growth faults
associated with ascending masses of piercement salt and undercompacted

shale.
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.COASTAL PLAIN I CONTINENTAL SHELF CONTINENTAL SLOPE RISE AND ABYSSAL
PLAIN '

Non-marine

Neritic
Bathyal

Sea
Level

CONTINENTAL SLOPE

COASTAL PLAIN CONTINENTAL SHELF
Non-marine .

Inner neritic Outer neritic l Bathyal
CHANNEL-MOUTH BAR

Brackish
TR Sea
= rrde—a - DELTA FRONT Level

MASSIVE SAND FACIES-Fluvial, brackish, and deltaic deposits; more than 40% sand content;
sandstone units thicker than shale tongues; erosional bases common.

SANG AND SHALE FACIES-Brackish, deltaic, and neritic deposits; 15-40% sand; shale tongues
thicker than sand units; progradational basal contacts common.

MASSIVE SHALE FACIES-Pro-deltaic, outer-nentic, and bathyal deposits; less than 15% total
sand content; turbidite deposits infrequent.

Figure I-8. Diagrammatic cross-sections showing lithofacies
relations in Quaternary and Tertiary sediments of Gulf Coast
basin: A - gross depositional model for Cenozoic sediments
depicting net regression of continental-deltaic (massive
sands), neritic (sandstone-shale), and bathyal (massive shale)
magnafacies through Cenozoic time (adopted from Powell and
Woodbury, 1971; and Kupfer, 1974); B - depositional model for
Pleistocene sediments in Texas-Louisiana Shelf region (from
Caughey, 1975).
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ic reflection profile across middle Texas-Louisiana Slope region

Single-channel seism

showing very broad salt stocks and th

Figure I-13.

Note

k sections of pierced and deformed sediments.
igraphic units in basin between salt structures near south

and shale deformation with attendant faulting in basin left of center.

1cC

downbuilding characteristics of strat

end of section,
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Figure I-15.
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Sigsbee Escarpment showing wedge-shaped mass of salt
extruded seaward over beds of Miocene age and younger.
Salt mass became detached from main salt body upslope
as a result of flowage away from sediment loads exerted
by rapid accumulations of large volumes of sediments
Region of salt extrusion is shown in Figure

upslope.
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